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ABSTRACT 

Three studies were conducted to assess the 
abstraction processes involved in the development of the ability to 
associate numerals with sets of the appropriate size (numeration) • 
Experiment 1 examined the sequence of the abili-^^^^ discriminate 
relative numerical magnitude, numerical equivalence, Arabic numerals, 
absolute size of a set, and numeration, with 90 children, aged 3 1/2 
to 5 1/2. Quantity and numeral discriminations and the magnitude 
ccmcept were significantly easier to learn than numeration, but the 
equivalence concept was not easier than numeraticm. Experiment 2 i^as 
designed to determine if the lack of familiarity with numerical 
symbols accounted for children's failure in the numeration task. The 
subjects, 63 children aged 3 1/2 to 4 years, 11 months )fere trained 
to associate either geometric shapes, realistic pictures, or numerals 
with sets of objects. Both the realistic figures and t^e geometric 
shapes were significantly more difficult to associate with the 
appropriate numerical set. . Experiment 3 compared performance on 
numeration tasks with linear homogeneous, non-linear homogeneous, or 
linear heterogeneous sets, using 90 children, aged 4-5 1/2. 
Numeration was significantly more difficult with heterogeneous 
stimuli than with the other stimulus arrays* (Author/ST) 
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ABSTRACT 

A series of three studies was oooducted to assess tiie 
abstraction prooesses involvod in the develcpnent of tiie abiUty 
to associate mnerals witn sets of the a^iprcpriate aixe (nuneratioi) . 
iS£perii«nt 1 eeaninoi the saqueooe of the deveiopnant of the ability 
to discriminate relative nanerical mtgninvin, ivnerical equivalanoe, 
Arabic nvrarala, abaolube siae of a oat, and nunBratix»,with 90 
children, aged 3/6 - 5/5. Qumtity nd naoeral dis cri mi nat io n s and 
the magnitxiie aaooBpt ware siyttfiOMitly easier to learn than nuneration, 
out the etiuivamoe oono^Jt was not Maier than niaaeratifln. ISie 
results were iatarpreted in the texM of the yo«jg cliild's difficultiaa 
with the street ■aaninj of marala as GRoeed to the siaiJler 
paw»|^.i«i fHfrini""*-'^" involved in the other taalcs. 

a^yetimat 2 ma rtegiitjnirt to determine if the lack of 
faniliarity with niMSical ayabola aoooiaitea for chiMzen's failure in 
the nmeratioa tMk. Ihe subjecta, 63 children aged 3/6 - were 
trained to aaao^ate either gaonatric ahaiies, realistic pictures, or 
nmerals with letfl objects. Both the realistic figures and tiie 
geooetri: ata^ea were significantly nose difficult to associate with 
the a()propriate nuBvrical set. ItauB, the abstraction prooess itaalf, 
not the specific nature of mneriGal syabol, was assiaaed to aoount for 
the relative difficulty of the maezation task. 

Expaf iisnt 3 ampaeed perfonnanoe cn nuneraticn tasks with 
linear hcnogeneois, non-linear to o og e neo ue, or linear heterogeneouB sets, 
using 90 children, aged 4/0 - 5/5. Naneraticn was significantly more 



f 



oifficuit witii netarogenecxis stimuli than wita tiie otiier stiroulus arrays. 
Ihus, for Uie nuteratxon task/ the young cAuld does not initially 
understanu that tne ooqpositicn of the itenis of a set is irrelevant 
for nunerical siza« 



THL Ut^/ElUPmn OF TiiE ABILITY TO iHUti^MD NIMJUCAL SYMBOLS 

Linda S. Siegel 
McMaster Uiiversity 

Uisoeration, the association of an Arai^ic nunerai witn a 
set of tx^ di^propriate size, is, by its nature, an abstract process 
in whicn an arbitrary symbol is used to rq»:esent a fixed nuoerical 
quantity. To tlie extent that nuaeration involves synbolic processes, 
its develoEment in the young child can be expe c ted to occur later 
than sijqpXer quantitative acxiaipts#such as the pero^ion of nunerical 
equality and difference, lAiicfa depend more on the ability to judge 
nuoerical eise than on abstract fiSKJtioning. 

Relatively fi0i# studio of young ciiildren's quantitative cmo^ 
developnant hove addressed theoaelves directly to this issue. D'Nello 
and Willnsen (1969) fomd that children could match arrays on the 
basis of nunber bef oce they ooald correctly a s soc i ate % nunsrical 
symbol with an absolirte qumtity. Itoing five year old children, Wang, 
Resnick, and Boozer (1971) fomd a relationship between the ability 
to use nuneralB and ooixiting. Ibe first study in the j^ceamt series 
tested the t^pothesis that, because of its abstract na^ire, a task 
involving nmeration ahili^ would be mwe difficult than tasks 
involving the basic quantity perceptions of lelati^a magnitude or 
nmrxical equivalence, lb insure that inability to use nuaerical 
iymbols was not a result of a failure to d iscrimin ate eithw the ^ecif ic 
Arabic ninbers or the absolute size of the sets, taslcs were included 
wt«ich measured these abilities of the child. 



To determine if tiie lack of faoaiiiarity witn niUBrical 
symbols aocxxi^ted for children's failure in the nuKration task, the 
seoona stucfy an this series trained children to associate nurerals , 
geometric shapes, or realistic pictures witn sets of one, two or three 
objects. Because the shapes and pictures %Jere assined to toe easily 
labelled and less pftrnppfually oonfusing than ninexals, it was 
expected that the pictures or shapes *#ouId be more easily associated 
with the appropriate size set than mnbers. 

Previous reeearch {e-g.^Siegel, 1972, 1973; Wbhlwill, 1960; 
Zimiles, 1966) has indicated tba:t oertain perceptual factors, other 
than nmerical size,. in£luenoe_a^hiWs peroeption of nuiBrosity- 
Heterogo^eity of the ocnstituents of a set aryi variations in the 
^tial arrangenent of ^he set have been foind to influence a child's 
pero^>tion of nuMarosit^. The third stucty in this series ccnt^ared 
the ability of young children to associate nuDerioal synfaols to 
honogeneouB gzoqpB objects in a linear arri^ with nmraticn in 
regard to spatially irregular, hcBogeneous groqps, or to linear, 
heterogeneous arrays. Heterogeneity and ncn-linear ^tial arrangenent 
viere e^^iected to aake the mneraticn task more difficult. 

EBXEBJmtrr l: THE lELKTIGNSUIP GT NUGRKEION ABILm ID QUWTm OOMXPIS 
Method 

Subjects ^ 

' Ihe subjecta itere 90 children fron nursery schools in Haniltcn, 
Oitario. Fbr the purposes of data analysis, they were divided into 
the follwing age gro^ss 3/6 - 3/U, 9 girls and 8 boys; 4/0 - 4/5, 
8 boys and 8 girls; 4/6 - 4/U, 19 boys and 13 girls; and 5/0 - 5/5, 
12 boys and 13 girls. The niffsery schools in this sti^ 



served both lower and middle socdoecxiKinic class areas. 
Tasks 

All the subjects were adhdnistered fivB ta^^: n^ignitude, 
eijui valence , quantity discrimination , niinei:a.l discrimination, and 
nuneration (1 - 3) . A portion of the subjects were acfcoinistened a 
sixth task, nuneration (1 - 9) t if they passed nuneration (1 - 3) . 
One of these tasks, the magnitude discrimin£ition, was aftainisterad 
on a discrimination leazning apparatus in which the stimuli were 
presented as slides «id the child ra^xnded ijy pressing a button 
associated with elLner one of the pictures which appeared cn the 
screen. l!he other fo«2r tasks were adninistered on a Behavioral 
Oontxols 400-SR pcogramed leaxning ^fiparatus* niere were four 
le^xxise panels oowsxed %dth clear plastic piess panels. The 
child xe^xanded isy pacmaixig the panel over the stimulus of his 
choioe. The oocrect magame was rewarded by a anall canc^. For 
all the tasks, a ncn-oorxecticn p^xxsedure %^ used and the position 
of the o o r rec t altaxnati^^ varied from trial to trial. 
Magnitude 

Ite stiauli for this task were 50 sets of pictures, each 
stimulus ocnsisting of two sets of dots. The ninber of dots in each 
set ranged fran one to nine. The child was reinforoed for choosing 
the set %dth the greater or, for ooixiterbalancing, fewer nuober of 
dots. The duld was instncted to press the button mder the 
pictuni witn the bigger (mal ler) nuster of dots. 



Equi valence 

The stinuLi for this task ^tere 50 sets of saqpies for four 
alternatives; cnly one of th' altemati>^ was identical in nunbex 
to tiie sanple. Ite size of the 8aB|)le and the altemati>^ ranged 
between one and nine dots* Ihe child was reinfoixsed for ctoosing the 
altemati^ with the sane nvjnber of dots as the saD|>le. The ciuld 
was instructed to pxess the panel mer the picture with the same 
nunber of dots as the sanple. 
Oiantity Discriiouiatim 

Ihe stimli for this task were 90 sets of three alternatives, 
each oonsisting of one, too, and three dots. ft»r the first 30 trials, 
or uitil critericn %«hiGh was 9 oilE^of 10 oonsecutive correct re^xxiaes, 
the child waa reinforced for chgosinfj one dot. Ptr the next 30 trials, 
or ixitil critarlan, the reinfnm—int was for do^, and for the 
last 30 trials, or mtil critertGn, the reinforoBnent was for three 
dots. The child warn instructed to press the panel cfmr the picture 
with one (two, three) dots. 
Naaeral Discrinination 

Ihe task %Mi aiinilar to the quantity discrisoAation but the 
stinaili on eacA trial were the Arabic niaerals 1, 2, and 3. The 
child was reinforced Cor each of these in turn, using the saae 
system of 30 trial aegpmts as in the quantity discrimination taak« 
The child wu instructed to prees the panel o^er the picture %idth 
tte nvaber 1 (2, 3). 
Nooeration (1 - 3) 

The stimuli were 50 sets of stinuli for a 8aRi>le and four 
alternatives, tbm uuplm on eadi trial were the nuoerale 1, 2 and 3. 
The altemaEtivM iiere sets of dots representing the ombas one through 
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nine, l-he child was instructed to press the panel ofver tne picture 
tiiat had the nutter of dots that "went with the nuiter" in the saqple. 
If a aula passed this task, he was given a nvneration task in which 
the sanities were the ninerals 1-9. This task, attainistered only 
to duldren who passed nuieraticn 1 - 3, was called nanerau.cn (1 - 9) . 
Procedure 

Criterion for all tasks were 9 out of 10 consecutive oorrect 
responses. The children were tested individuaUy and were attainistered 
the tasks in the foUowing order: macpitude. equivalence, quantity 
discrijninatiai, ntneral discrimination, and nxmeration. In general, 
the testing was done in two consecutive sessions. Ibe first session 
included both a rapport building periai with the experijnenter and 
the magnitude task and the second session incluied the reciainder of 
the tasks. If the child appeared to be bored or restJess, the testing 
was divided into throe sessions on consecutive sdiool days. 
Results 

Figure 1 stows the percentage of the subjects of each age 
gra*> passing each task. A child was con sidered to have passed the 

Insert Figure 1 about here 
quantity «d nuneral discriminaticns if he reached criterion on all 
three parts of the task. Cochran Qs. (Siegel, 1956) were calculated ^ 
for each age giotp to deteimine if there were significant differences 
ancng these percentages. The Q values were as follows: 3/6 - 3/11, 
Q (4) - 20.78, £ <.O01; 4/0 - 4/5, Q (4) - 20.46, £ <.001; 4/6 - 4/U, 
Q (4) - 26.24, £ <.0001; 5/0 - 5/5, g (4) - 6.35, £<.10. Thus there 
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was a significant dif ferencse among the five tasks at all but tiie 
oldest eqe gro^4J. The Mcttenar test (Siegel, 1956) was used to make 
xndj^^l^Sll^isans between tasks for each age gzxxip, exoei^t the 
oldest where no cx3if>ariscns were made becaus e of the lack of overall 
sijgnificanoe. The magnitude task %m8 significantly easier than the 
nuieraticn task for the three yoingest age gron>s, 3/6 - 3/U, x2 (1) =- 6.75, 

<.02; 4/0 - 4/5, ^ (1) - 4.9, £ <.05; 4/6 - 4/11, (1) = 9.91, 
£ <.01. The equivalenae task was not significantly easier than the 
nuneration task for any age qccKp. Itexe were no significant differ«Joes 
ijetween the equivalenoe task and the noce difficult noaeration task 
(1 - 9) , except in the oldest giwp 5/0 - 5/5, in which equivalenoe 
was significantly easier than ntmraticn (1-9) P<.031 (bincmial 
expansion) . It should be noted ,faaMever, that this rqpces^its a subeap()le 
(64.4%) of the total qsovp of svbjacta be c a u se cnly children who 
passed the msBration (1 - 3) task ware given the nvneroticn (1 - 9) 
task. 

For the three ynnger age 9XO(^ the quantity disc r i m i n ation 
was Significantly easier than the nunsraticn task: 3/6 - 3/11, £ < .004 
(binanial ea^Mnsion) ; 4/0 - 4/5, £ < .008 (binaaial expansim) ; 
4/6 - 4/11, x2(l) - 8.10, £ < .01. The nuneral riisqri mi n ation was 
also signlficMitly easier than the luneration task: 3/6 - 3/11, £<>03 
(iinanial ei^MRsicn) ; 4/0 - 4/5,. £ < .002 (binoodai expansion) ; 4/6 - 4/U, 
3^ (1) - 4.90, £<.02. 
Discussicn 

While the maaration taek mui more diffiailt thai the 
discrimination of relativii magnitude, numerals, and quantities, it 
was not mre difficult than the eiuivalmoe OGno^« Ite mioeraticn (1 - 3) 
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task used anall set sizes for the oorrect response while the magnitude 
and equivalence ccxioepts used a wider range of set sizes (1 - 9) . 
Tre failure to find a diffarenoe between nuneraticn (1-9) and the 
equivalence task, except in one age group, is evidence for the 
irrelevancy of set siae with these particular tasks. 

The discrepancy tietween the learning of the magnitude concept 
and the equivalence and nvineration acnoeipt may be the result of a 
different kind of variable. Brainerd (1973) has suggested that there 
are two kinds of quanUtative oonoepts which dewelxap sequentiaUy 
in the yoiBjg child. Initially, the yoiiig child acquires ocncepts which 
involve the ordering of quantities and cnly later, concepts of 
oarrespcndenoe or caxdinatian which involve the understanding of a 
particular set siae as a nta^jer of a noater class. According to 
Brainerd's walysis, the magnitude teak used in this study represents 
an ordBr conoapt a«d the nuaeration and aquivalenoe concepts are 
variations of a cardination ooioept. The findings of this present 
stxxfy, while not specifically designed bo test Brainerd's thesis, 
indicate that order oonoepts nay develqp oefore certain kinus of class 
oonoQits. 

B» relative case with which the children solved the quanUty 
end nxneral discriainatian indicates that although they could differentiate 
the s^ls »d the aJoeolute quantities, the difficulty of nuneratiai 
appeared to be the aatching of n«Brals with sets. The quantity and 
nireral discriainaticns involved the simultaneous d is c r i m i n aticn aooig 
nmerals, while the ntmraticn involved the sucwessive disoriminaUon 
Acng u meralB. In the nweration task, it appeared to us that seme 
of the children had difficulty in naming and differentiating the nimerals. 
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Ihe secxmi stui/ in this series testBd the hypothesis that failure in 
the nuneratLcn task was, at least partially, a result of cxxifusicn 
about the nunfcer syntols and that more faniliar and easily labelled 
objects, might make the process of synbolizing less difficult for 
the child* 

EffiERIJfiff 2 : THE BOLE GF NUCRIGAL SYMBOLS IN NIM»ATICW TftSKS 

To determine vtethex or not the difficulty vdth the nuoeraticn 
was associated with tte nature of nuerals, or the abstraction prooess 
itself, the children were trained to associate diffeztmt kinds of 
non-nirorical syntols vdth nunber aets. S timuli vere chosen which 
weie easily i^>^n^ and dlscriminable trm each other. It was 
e)q3ected that pictures of familiar objects or geanetric shapes vrould 
be e^gj^^ to associate \ixth niiober sets than minerals. 
Method 

Subjects 

The subjects were 63 chilc&en ranging in age from 3/6 - 4/11 
fran nursery schools in Haoiiltcn, Olitario^ The nursery schools were 
located in both middle and lower class socioeooncraic areas, ihere viere 
21 children at eadi of 3 age levels; 3/6 - 3/11, 12 boys and 9 girls; 
4/0 - 4/5, 14 boys and 7 girls; 4/6 - 4/U, 11 beys and 10 girls* 
Within each age groqp there %#ere three subgrc^ each onn|)osed of 
seven children; each cne-third of the subjects at each age level was 
ackdnistared a different ccder of the tasks in a Latin-square design. 
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Tasks 

Three tasks v«re us'xi: nuneration, pictures, aiKl shapes. 
Each task cxnsisted of 60 trials. Die numeration was ioentical to 
that used in E)cperiinent 1. For the pictures task^ the sanple was 
either a blue house, a red apple, or a yellow cat. Tiie alternative 
were groif)S of one to nine dots. Ihe child was reinforoed far 
cnoosing one dot when the saqple %«I8 a blue house, two dots when it 
was a red ^pple, and three dots when it was a yellow cat. For the 
shapes task, the sa n ples Mere a red triangle, rep resenting cne; a 
blue circle, ret^reaenting two; and a green square, representing three. 
Procedure 

Each child wtts tested individually. The criterion for all 
tasks was 9 out of 10 gonooaitiw oorzect res p onses. If the child 
failed to reach criterion in 60 trials, the task wis terminated. 
Results 

Ihe naans for the three age groups and three tasks are shorn 
Insert Tihle 1 about here 
in Table 1. A Latin-Square analysis of thMe data indicated significant 
effects of age (F (2,53) ^ 13.49 , £ <.001) and task (F (2,U6) • 53.003, 
£ <^.001) and a significant ISaak x Grade interaction (F <4,116) » 3.04, 
£ <.025) • At all ages the nunbera task %#as si^iifioantly easier than 
either the pictures or the shapes task* There were no significant 
differenoae hflttiMn the pictures and ahapes task. There were no 
significant diffaranoas between the soocea of boys and girls en any 
task (t-test). 
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Discussion 

The results of tnis stud/ indicate that the abstracticn 
prooess involved in associating a symbol with a group of a partxcuiar 
size, rather than the specific nature of the symbol, acxx)uits for tte 
difficulty of the nixneraticn task. Nonbers , which are less easily 
labelled and loore oGnfusing than sinfxle pictures and shapes, were no 
more difficult than the latter While the discrijainaticn 

anong nuierals may have been initially difficult for the chiidren, 
with practice and feedback they oculd learn to associate minerals 
with sets more easily than they could learn tte loeaning of novel 
symbols. The relative difficulty oit the shf^ss and pictures tasks 
indicates that <-4iile the children asy h&ve been mable to solve the mmer - 
ation task on the required mater of trials, seme learning of natter- 
nuoeral Q^Teapndenoe had taken plaoe. Hius, their poorer perfomanoe 
cr\ the shapes and pictures task was probably a result of negative 
transfer to ttwe navel syntols • 

EXFERCMEMT 3: HETlEROG&lEm KtD SPKTlfiL FACTORS AS CE3ERMINAN1S OF 

NUCRICAL PJILm 

The purpose of this study was to assess the abili^ of the 

child to recognize hstacogeneit^ and ^tial arrangeoent as irrelevant 

to nuoerical size. It^ims eaqpected that the child would be Less accurate 

in juiging nvnerical mim when the elements of the set were not 

identical tx> oie an othar^or when they were arranged in a non-linear 

array. Ihus, the pcesenoe of tbSM factors should increase the 

difficulty of tbi nuoaration task. Tb test this hypothesis, the 

childrm were actainistered tasks in which ttey were required to 

associate linear hanogeneoui, nan-linear hczoogeneous, or linear heterogmeous 

arrays with mnsrals. 
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Method 

Subjects 

The subjects were 90 children, ranging in age fran 4/0 - 5/5, 
fron nursery sc «iis in Hamilton, C3fttario. The nursery schools vere 
located in middle and lower aocioeaonooiic areas, "mere were 30 ciiildren 
at each of three aqe levels; 4/0 - 4/5, 15 boys and 15 gxrls; 4/6 - 4/11, 
15 boys and 15 girls; 5/0 - 5/5, 18 girls and 12 boys. At each age 
there were three subgroqps, each cxa n xTsed of 10 diildren. Each 
subgronj was attainistered a different order of tasks in a iatin-squaie 
design. 
Tasks 

The childrwi Mere a*unistered three tasks: linear nvmeration, 
ncn-linear nvroration, and heterogeneous numeration. The linear 
nuneration task was identical to the task used in the previous studies, 
■me non-linear nuaeraticn had stiooli similar to the linear 
nuneratitjn with the exoepticn that the dots representing each nurfcer 
were placed in a rawdom pattern within the space available. 

Ihe stimuli for the heterogeneous nvmeration were simi.ter 
to the other nuneratiai tasks but, instead of dots, the represaitations 
of noiters were gecoetric forms vAiich varied, both within and beta-een 
stimuli, in ahi«ie and color. The stimuli were in linear spatial arrays 
as in the n\j»raticn task, not in randan arrangements as in the non- 
linear nvjaaration task. 
Procedure 

•n» clxildren were tested individually in one session. Criterion 
was 9 out of 10 consecutive oorrect responses . If criterion was not 
reached in 50 trials, the task was tenainated. 
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Results 

It^ loeans for each task at each age level are stown in 
Figure 2. A latxn-aquare analysis of these data indicated significant 

Insert Figure 2 about here 
effect of age (F (2,81) ^ 7.70, £ <^004) , task (F (2,162) = 11.25 , 
£ .001) , order (F (2,162) = 14.59, £ <.00l) , and a Task x Order 
mtaracticn (F (2,162) « 8.26, ^COOI). No other interactions were 
significant. Individual oai|>ariflGn8 between tasks, using lxncan*s 
multiple range test, indicated that the heterogeneous task was 
significantly wace difficult than the other tasks at all age levels. 
Ihe linear and ncn-linear tasks \m£B not significantly dif femt at 
any age. 

The significant Task x Order interaction was the result of 
the hetarngeneouB task being significantly more difficult %iAien 
ackninistered first than when actadnistered seoond or third. Tfiere 
were no order effects for the other tasks. Therefore, there appeared 
to be seme positive transfer between heterogeneity and the other 
tasks. There i«xe no significant differences between the perfocmanoe 
of boys and girls en any task (t-teet) • 
Discussion 

The result of this study indicates that in tasks involving the 
associaticn of nuDenOs with aets^ heterogeneity, but not spatial 
arrangement, interferes with the peroepticn of nwmerical size. 
The abstracticn ability involved in reoogniaing that a gro^ of non- 
identical objects can repceaent a nunber is a significantly 
difficult ocnoept for a duld to Xeam, ev&i with the anall set sizes 
used in this study, ^tial arrangeiDent does not appear to influenoe 
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Mean Nmiaer of Itials to Criterion 

MX 
3/6 - 3/U 
4/0 - 4/5 
4/6 - 4/11 



NUIEER5 picn^s savES 

44.19 59.05 56.90 

24.05 47.71 51.71 

17.48 45.67 52.38 
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